Abstract. Malignant melanoma (MM) is the most aggressive form of skin cancer originating from melanocytes with increased proliferative and metastatic ability. Previous studies have revealed that microRNA-338-3p (miR-338-3p) functions as a tumor suppressor in several types of cancer, including cervical cancer, renal cell carcinoma and thyroid cancer. However, the function and mechanism underlying the action of miR-383-3p in MM remain unclear. In the study, aberrant downregulation of miR-338-3p was observed in 60 pairs of MM and adjacent non-tumor tissue using quantitative polymerase chain reaction assay. Decreased miR-383-3p expression was associated with advanced clinical stage (P<0.05) and lymph node metastasis (P<0.001). The overexpression of miR-338-3p in A375 and G361 cells suppressed cell proliferation and migration using MTT, colony formation, wound healing and transwell assays. Mechanistically, MACC1 was identified as a direct target for miR-338-3p using bioinformatics prediction and dual-luciferase assays. Furthermore, MACC1 expression was significantly increased and inversely correlated with the levels of miR-338-3p in MM tissues. More importantly, restoration of MACC1 resulted in reversed the inhibitory effects of miR-338-3p overexpression on MM cells by altering the expression levels of PCNA and epithelial-mesenchymal transition (EMT)-associated proteins. These results suggest that miR-338-3p functions as a novel tumor suppressor, at least in part, via targeting MACC1 and suggest that miR-338-3p may serve as a potential target for treatment of MM patients.
Introduction
Malignant melanoma (MM) has emerged as a global public health problem that originates from neural crest melanocytes and primarily arises in the skin (1) . The preferential distant organs for this type of malignant neoplasm are the lymphatic system, lung, liver, brain and bone, and the metastatic disease is almost always fatal (2) . MM incidence has risen steeply, however, numerous treatment methods including radiotherapy, chemotherapy and chemo-immunotherapy agents demonstrated minimal progress in overall survival of advanced disease (2) . Fortunately, the development of melanoma biology including the discovery of predisposed gene signatures and key somatic events have altered clinical practice.
MicroRNAs (miRNAs/miR) belong to small non-coding RNAs that function as a guide in RNA transcript degradation or translation suppression via pairs with complementary sequences in the 3'UTR of their target mRNAs (3) . It is clear that miRNAs are key regulators of multiple genes expression and involved in almost all development and pathological procedures in eukaryotes (4) . In previous years, dysregulation of miRNAs have been widely characterized in diverse types of cancer, including MM (5) . Hyperexpression of oncogenic miRNAs or genetic loss of anti-tumor miRNAs is demonstrated to be associated with human cancer and function as drivers of metastasis and tumor growth in mouse models (6) . Previous studies revealed that glioblastoma (7) and colon cancer cells (8) are known to have miR-338-3p serve critical roles, an aberrant miRNA that are commonly seen as a pivotal player in a variety of different types of cancer, including renal cell carcinoma (9) , myeloma (10), GH-producing pituitary adenomas (11) , and non-small cell lung cancer (12) . miR-338-3p could lead to attenuation of multiple biological behaviors including proliferation, invasion and migration though targeting the 3'untranslated region (UTR) of mRNA (13) . Recently, Pinto et al (14) demonstrated that miR-338-3p is frequently downregulated in BRAF-mutated metastatic melanoma patients compared with BRAF-wild-type patients. Although the association of the BRAF-mutated melanoma patients with low levels of mi-338-3p is well described, the functional roles of miR-338-3p in cellular processes remain unknown in MM.
Current epigenetic studies have resulted in an emerging understanding of the role of metastasis-associated in colon cancer-1 (MACC1) in cancer progression (15) (16) (17) . As a newly identified colorectal cancer metastasis associated gene, MACC1 has been demonstrated to enhance growth, invasion and HGF-triggered scattering in colon cancer cells, as well as promote carcinogenesis and metastasis of experimental tumor xenograft models (18). Shimokawa et al (19) revealed that overexpression/amplification of MACC1 is linked to postoperative recurrence in lung adenocarcinoma. Feng et al (20) illustrated that miR-200 targeting MACC1 to attenuate the viability and migration ability of hepatocellular carcinoma cells. Particularly, MACC1 is recognized as a key transcription factor in the process of epithelial-to-mesenchymal transition (EMT), which triggers motility, invasion and the migratory phenotype in multiple types of cancer, which is essential for distant metastasis (21) .
The aim of the current study was to determine the functional significance of miR-338-3p in MM cell proliferation, clonogenicity, migration and invasion. By revealing the biological implications and molecular mechanisms of miR-338-3p, the potential mRNA target of miR-338-3p was further investigated by bioinformatics prediction and luciferase reporter assays.
Materials and methods

Melanoma sample and clinical information.
A total of 60 pairs of MM tissues and their adjacent tissues (at least 5 cm from the tumor loci) were collected between August 2016 and December 2017 from the patients at the Cangzhou Center Hospital (Cangzhou, China). Tissues were then immediately snap frozen in liquid nitrogen and then stored at -80˚C prior to use. All patients received no chemotherapy or radiation therapy prior to surgical resection and underwent pathological diagnosis by an experienced pathologist. Tumors were classified according to the World Health Organization classification. A total of 46 out of 60 patients (age range, 35-65 years old; 36 female and 24 male) were diagnosed with tumor, node and metastasis (TNM) stages I and II tumors and 14 patients with TNM stages III and IV tumors. Among these, lymph node metastasis was observed in case of 16 patients, whereas no such metastasis was observed in case of 44 patients. The present study was approved by the Ethics Committee of Cangzhou Center Hospital and full informed consent was provided by all of the patients involved prior to sample collection.
Cell culture. Human MM cell lines A375 and G361 were purchased from the American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 Medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with supplemented 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). All cell lines were maintained at 37˚C with 5% CO 2 in a humidified incubator.
Plasmid construction and cell transfection. The miR-338-3p mimic (5'-CAT CTG CAT GAC TCG AGT CAT GCA GAT GT-3') and negative control miRNA (miR-NC; 5'-GUG GAU UUU CCU CUA UGA UUU-3') used in this study were synthesized by Shanghai GenePharma Co., Ltd., (Shanghai, China) MACC1 coding sequences lacking the 3'-UTR were cloned into the pcDNA3.1 vector (Invitrogen; Thermo Fisher Scientific, Inc.) to generate the pcDNA3.1-MACC1 expression vector. The empty pcDNA3.1-vector was used as control. Human MM cells A375 and G361 cells were seeded into six-well plates (2x10 5 cells/well) and allowed to settle overnight prior to transfection to ensure 70% cell confluence. Cells were transfected with miR-338-3p mimic or miR-NC at the final concentration of 100 nM. For the rescue experiments, MACC1 expressing plasmid or control was transfected into A375 cells (2x10 5 cells/well) transiently transfected with miR-338-3p mimic or miR-NC. All cell transfections were performed using Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h according to the manufacturer's protocol.
Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was extracted from tissues and cell lines using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse transcribed at 65˚C for 120 sec using the M-MLV RT kit (Promega Corporation, Madison, WI, USA) following the manufacturer's protocol. The expression of miR-338-3p was quantified using TaqMan microRNA assays (Ambion; Thermo Fisher Scientific, Inc.) with the ABI 7900 Sequence Detection System (Applied Biosystems; Thermo Fisher Scientific, Inc.). The mRNA expression of MACC1 was detected using SYBR ® Green qPCR SuperMix (Invitrogen; Thermo Fisher Scientific, Inc.) and quantified using ABI 7900 Sequence Detection System. Amplification was performed using the following thermocycling protocol: Preheating at 95˚C for 10 min, followed by 40 cycles of denaturation at 95˚C for 5 sec and annealing/extension at 60˚C for 20 sec. The primers used for the current study were as follows: miR-338-3p forward 5'-TGC GGT CCA GCA TCA GTG AT-3' and reverse 5'-CCA GTG CAG GGT CCG AGG T-3'; U6 forward 5'-GCT CGC TTC GGC AGC ACA-3' and 5'-GAG GTA TTC GCA CCA GAG GA-3'; MACC1 forward 5'-CCT TCG TGG TAA TAA TGC TTC C-3' and reverse 5'-AGG GCT TCC ATT GTA TTG AGG T-3'; GAPDH forward 5'-ACC ACA GTC CAT GCC ATC CAC-3' and reverse 5'-TCC ACC ACC CTG TTG CTG TA-3'. The relative expression of miR-338-3p or MACC1 was normalized to U6 small nuclear RNA or GAPDH, respectively and calculated using the 2 -ΔΔCq method (22) .
MTT assay. MTT assay was performed to examine the cell proliferating capacity. Briefly, transfected MM cells were seeded at a density of 5,000 cells per well in a 96-well plate. At the indicated time points (0, 24, 48 and 72 h post-transfection), the cells were incubated with MTT at a final concentration of 0.5 mg/ml at 37˚C for 4 h, followed by the addition of dimethyl sulfoxide solution (150 µl) to dissolve the formazan crystals. The absorbance was measured at 595 nm using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Colony-formation assay. In plate colony-formation assay, MM cells were re-suspended in RPMI-1640 containing 10% FBS and seeded in 6-well plates at a density of 5x10 2 cells per well. Following incubation for two weeks, the naturally formed colonies were fixed with 4% paraformaldehyde at room temperature for 30 min and stained with 1% crystal violet (Beyotime Institute of Biotechnology, Haimen, China) at room temperature for 30 min. The number of colonies (containing more than 50 cells per colony) was counted under a light microscope.
Cell migration assay. Wound healing assay was used to assess the cell migration ability in MM cells. Briefly, transfected A375 or G361 cells were seeded in six well plates and cultured to 80-90% confluence. Then a wound field was made using a 200 µl sterile pipette tip among cells in each well. The mobilized cells were observed at 0 and 48 h after wounding, respectively and images were captured under a CX31 microscope (Olympus Corporation, Tokyo, Japan). The relative migratory ability was evaluated based on the width at the 0 h time point.
Cell invasion assay. Cell invasion assay was performed using Transwell chambers (Corning, Inc., Corning, NY, USA) pre-coated with Matrigel (BD Biosciences, San Jose, CA, USA). In brief, MM cells were seeded in serum-free media in the upper Transwell chambers. The lower chamber was filled with 500 µl of RPMI-1640 supplemented with 10% FBS as a chemoattractant. Following culturing at 37˚C for 48 h, the cells that on the upper chamber were removed using a cotton-tipped swab, whereas the cells that migrated into the lower chambers were fixed with 4% methanol at room temperature for 15 min, stained with crystal violet at room temperature for 10 min and counted in five random x200 fields under a phase contrast microscope.
Bioinformatics predication and luciferase reporter assay.
Bioinformatics predication was conducted to analyze the putative target genes of miR-338-3p using the TargetScan (http://www.targetscan.org/), miRanda (http://www.microrna. org/) and PicTar (http://pictar.mdc-berlin.de/). Among the putative genes predicted by the three algorithms, MACC1 was indicated as a potential target gene of miR-338-3p.
For dual reporter luciferase assay, the human MACC1 3'-UTR oligonucleotides containing the wild type (Wt) or mutant (Mut) miR-338-3p binding sites were synthesized by Guangzhou Ribobio Co., Ltd., (Guangzhou, China) and cloned into the downstream of the firefly luciferase coding region of pMIR-GLO™ Luciferase vector (Promega Corporation). A375 and G361 cells were seeded in 96-well culture plates and co-transfected with Wt-MACC1-3'UTR or Mut-MACC1-3'UTR vector together with the miR-338-3p mimics or miR-NC using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) in triplicate. Following culturing at 37˚C for 48 h, cells were harvested and the luciferase activity was measured using Dual-Luciferase Reporter Assay system (Promega Corporation) according to the manufacturer's protocol. Renilla luciferase activity was used to normalize the firefly luciferase activity.
Western blot analysis. Total proteins were extracted from MM cells using RIPA lysis buffer (BioTeke Corporation, Beijing, China) and quantified by bicinchoninic acid assay (Beyotime Institute of Biotechnology, Haimen, China) according to the manufacturer's protocol. A total of ~30 µg of protein were separated with 10% sodium dodecyl sulfate-polyacrylamide electrophoresis and then transferred onto a polyvinylidene difluoride membrane (EMD Millipore, Bedford, MA, USA). Then membranes were blocked with buffered saline (PBS) containing 5% skim milk at room temperature for 2 h and then incubated with primary antibodies against MACC1 (1:1,000; cat. no. ab106579), proliferating cell nuclear antigen (PCNA; 1:1,000; cat. no. ab18197; both Abcam, Cambridge, UK), epithelial (E)-cadherin (1:1,000; cat. no. 3195), neural (N)-cadherin (1:1,000; cat. no. 4061), Vimentin (1:1,000; cat. no. 5741; all Cell Signaling Technology, Inc.) and GAPDH Statistical analysis. Each experiment was performed at least three times. GraphPad Prism 6.0 software (GraphPad Software Inc., La Jolla, CA, USA) was used for statistical analysis. Data were expressed as the mean ± standard deviation of at least three experiments. The correlation between miR-338-3p and MACC1 expression in MM tissues was determined using Pearson's correlation coefficient by GraphPad Prism 6.0 software. Data were analyzed by using a Student's t-test for two-group comparison and one-way analysis of variance with a Tukey's post-hoc test for multiple-group comparison. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-338-3p is downregulated in MM tissues and is associated with its malignant progression.
In the present study, RT-qPCR was first performed to examine the miR-338-3p expression in 60 pairs of human MM and their adjacent non-cancerous tissue samples. As presented in Fig. 1A , the expression of miR-338-3p was significantly decreased in MM compared with the corresponding adjacent tissues (P<0.001). Furthermore, the expression of miR-338-3p was demonstrated to be significantly downregulated in advanced TNM stages (III-IV) of MM (n=14) compared with the early stages (I-II) (n=46; P<0.05; Fig. 1B) . Additionally, MM tissues with lymph node metastasis (n=16) demonstrated significantly lower levels of miR-338-3p compared with tissues without lymph node metastasis (n=44; P<0.001; Fig. 1C ). These findings suggest that miR-338-3p deficiency may be involved in the malignant progression of MM.
Upregulation of miR-338-3p inhibits cell proliferation and clonogenicity of MM cells in vitro.
As miR-338-3p was significantly downregulated in MM, it may be a tumor suppressor. Therefore, a gain-of-functional assay was performed to investigate whether miR-338-3p influences the cell proliferation using MM cells. The miR-338-3p mimic or miR-NC was transfected into MM cells A375 and G361, respectively. As presented in Fig. 2A , RT-qPCR assay confirmed the expression of miR-338-3p was significantly increased following miR-338-3p mimic transfection in A375 and G361 cells (P<0.001). The MTT assay demonstrated that cell growth was significantly inhibited in the group transfected with the miR-338-3p mimic compared with the cells transfected with miR-NC (P<0.05, P<0.01 and P<0.001; Fig. 2B ). Furthermore, a plate colony formation assay was performed to gain additional insight into the effect of miR-338-3p on malignant proliferation of MM cells. There was a difference in the colony sizes between the miR-338-3p group and miR-NC group in both cell lines (Fig. 2C) . The number of colonies of the two MM cell lines was decreased significantly in the miR-338-3p group compared with the miR-NC group (A375 cells: 42.3±2.5 vs. 178.0±19.3, P<0.01; G361 cells: 54.3±3.2 vs. 159.3±3.5, P<0.01; Fig. 2D ). These findings indicate that miR-338-3p inhibits proliferation and colony-forming ability of MM cells.
Upregulation of miR-338-3p suppresses migration and invasion of MM cells in vitro.
To further assess the functional role miR-338-3p in MM, the impact of its overexpression on the migration and invasion of MM cells was investigated.
The wound-healing assay demonstrated that the restoration of miR-338-3p significantly inhibited the migratory capacity in A375 and G361 cells (P<0.01; Fig. 3A) . Furthermore, Transwell matrigel invasion assay was utilized to investigate the inhibitory effect of miR-19a-3p on the invasive potency of the MM cells. As presented in Fig. 3B, miR-338-3p overexpression significantly repressed the invasiveness of A375 cells (P<0.01; miR-NC vs. miR-338-3p mimic, 131.7±1.5 vs. 42.0±1.0) and G361 (P<0.01; miR-NC vs. miR-338-3p mimic, 116.0±4.6 vs. 55.3±8.0). These results therefore proved that miR-338-3p is a suppressor of migration and invasion in MM.
MACC1 was directly targeted by miR-338-3p in MM cells.
Screening the publicly available databases, it was demonstrated that MACC1 was a predicted target of miR-338-3p and there was a binding site of miR-338-3p in the 3'-UTR of MACC1 (Fig. 4A) . Next, the luciferase reporter assay was performed in miR-NC or miR-338-3p overexpressing A375 and G361 cells transfected with Wt or Mut MACC1-3'-UTR to confirm the direct interaction between miR-338-3p and MACC1. As presented in Fig. 4B , the relative luciferase activity was significantly decreased in A375 (P<0.01) and G361 (P<0.01) cells co-transfected with miR-338-3p mimic and Wt MACC1 vector, whereas no detectable change in luciferase activity was observed in the Mut MACC1 group. Furthermore, the protein levels of MACC1 in A375 and G361 cells were downregulated following miR-338-3p mimic transfection (Fig. 4C) . In addition, MACC1 mRNA expression in 60 pairs of MM tissues and the corresponding adjacent tissues were also detected by RT-qPCR. As presented in Fig. 4D, MACC1 mRNA expression was demonstrated to be significantly increased in the MM tissues compared with the adjacent tissues (P<0.001).
Pearson's correlation analysis further demonstrated that the expression of miR-338-3p was inversely correlated with the MACC1 mRNA levels in MM tissues ( Fig. 4E; P=0.0022 ). In short, these results implied that MACC1 was a direct target of miR-338-3p and involved in the development of MM.
Overexpression of MACC1 reverses the inhibitory effects of miR-338-3p on the proliferation, migration and invasion of MM cells.
Since upregulation of miR-338-3p suppresses the proliferation, migration and invasion of MM cells, and MACC1 is a direct target of miR-338-3p, it is reasoned that ectopic expression of MACC1 could rescue the biological phenotypes caused by miR-338-3p in MM. To clarify this hypothesis, a pcDNA3.1-MACC1 plasmid or control plasmid was used to transfect miR-338-3p-overexpressing A375 cells. The results demonstrated that following overexpression of MACC1 the proliferating capacity was increased in A375 cells co-transfected with the miR-338-3p mimic and MACC1 plasmid compared with in A375 cells only transfected with miR-338-3p mimic (P<0.05; Fig. 5A ), suggesting that overexpression of MACC1 effectively reversed the suppressive effects of miR-338-3p on MM cell proliferation. Similarly, it was also demonstrated that ectopic expression of MACC1 significantly reversed the inhibitory effect of miR-338-3p on the migratory (P<0.05; Fig. 5B ) and invasive (P<0.01; Fig. 5C ) capacities of A375 cells. Furthermore, a western blot assay was performed to investigate the molecular alterations associated with cell proliferation, migration and invasion. As demonstrated in Fig. 5D, miR-338-3p decreased the expression of MACC1, PCNA, N-cadherin and Vimentin and increased E-cadherin expression. However, these molecular changes influenced MM cell function that miR-338-3p suppressed proliferation and invasiveness was reversed by MACC1 overexpression. In conclusion, these data provide evidence that inhibition of cell proliferation, migration and invasion by miR-338-3p is at least partially associated with the function of MACC1 in MM.
Discussion
MMs are characteristically aggressive and one of the cutaneous neoplasias with the greatest mortality rates throughout the world (23) . The prognosis of patients with MM remains quite poor, with overall survival rate at 5 years between 5-19% (23).
Various studies revealed that a highly orchestrated and highly complex network of miRNAs involved in diverse aspects of biological processes in animals, including proliferation, differentiation, apoptosis, and invasion (24) (25) (26) . Recently, data on miR-338-3p profile of BRAF-mutated MM patients has been reported (14) . The present study characterized miR-338-3p expression profiling in total 60 pairs of MM tissues and their adjacent tissues, and miR-338-3p was observed to downregulated in MM tissues. Furthermore, the majority MM tissues with advanced TNM stages (III-IV) and lymph node metastasis demonstrated low expression levels of miR-338-3p compared with early stages (I-II) and non-metastatic tissues.
It is now apparent that aberrant expression of miR-338-3p is an important feature of various cancer types. Loss of miR-338-3p expression was observed in liver cancer (27) , advanced-stage gastric cancer (21) and neuroblastoma (28) , as well as exerting anti-tumor activity in these tumors. The present study revealed that miR-338-3p could restrain the proliferative, clonogenicity, migratory and invasive properties of MM cells A375 and G361. The present study is consistent with a previous study that suggested that miR-338-3p act as a tumor suppressor and a prognostic biomarker in MM (14) .
Accumulating studies have verified that miRNAs implicated in multiple biological processes as they can target their target mRNA via binding to 'seedless' 3'UTR miRNA recognition elements (29) . Previous research has demonstrated that miR-338-3p attenuates gastric cancer cells EMT tumorigenicity though targeting ZEB2 and MACC1/Met/protein kinase B signaling pathway (21, 30 ). EMT appears to be a conserved cellular program that allows the conversion of polarized immotile epithelial cells to motile mesenchymal cells, which is an indispensable mechanism during tumorigenesis and invasion of human cancer (31) . Recently, the correlation between MACC1 and EMT in MM and squamous cell carcinoma of tongue are well described. In the present study, a luciferase reporter assay confirmed that miR-338-3p targeted to the 3'UTR in MACC1 mRNA and efficiently depressed MACC1 translation. Furthermore, MACC was demonstrated to act as a positive regulator of EMT-molecules N-cadherin and Vimentin, and a negative regulator of E-cadherin.
Transcriptional downregulation of epithelial adhesion molecule E-cadherin is considered a hallmark of EMT; it is a central event in epithelial tumor metastasis and invasion (32) . It displays a potent invasion-inhibiting role in various cancer cells (33) . Another adhesion molecule, N-cadherin, is demonstrated to confer a heightened invasive phenotype on cancer cells (34) . In a previous study, forced expression of N-cadherin is associated with breast cancer cells invasiveness, which is attributable to acceleration of de-differentiation from epithelial to mesenchymal (34) . As an intermediate filament protein, Vimentin, is widely expressed in normal mesenchymal cells and is essential for maintaining cellular integrity (35) . It has been recognized as a biomarker for EMT because it is characteristically overexpressed in cells when undergoing EMT and correlates with enhanced tumor growth, invasion, and poor prognosis (36) . In the present study, upregulation of E-cadherin and downregulation of N-cadherin and Vimentin were observed in MM cells following miR-338-3p overexpression, while was partially reversed by MACC1 overexpression. It was hypothesized that miR-338-3p inhibited the migration and invasion of MM cells via targeting the EMT regulator MACC1. In addition, PCNA, an essential contributor of DNA replication in cell division (37) , was also positively regulated by miR-338-3p, indicating an important role of PCNA in growth of miR-338-3p overexpressed MM cells.
In conclusion, this study demonstrated that miR-338-3p is aberrantly downregulated in MM tissues. miR-338-3p restrains the growth and metastasis of MM cells may not all but at least partially via targeting MACC1. The results of the present study may provide important clues to MM pathogenesis and therapeutic opportunities.
